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EXCURSION 2 

PALEOMORPHOLOGY AND MORPHOTECTONICS 

ALONG THE SOUTHERN ARAVA VALLEY 

Ran Gerson and Sari Grossman 

The Hebrew University, Jerusalem 

The southern Dead Sea Rift is composed of hundreds of structures,each having a 

different/seperate geomorphic history. Phases of rift bottom lowering were 

studied by using scarps, straths and pedimented surfaces, to document past 

periods of tectonisrn and quiescence. For example, eight such phases were id­

entified in the Tirnna Valley in the southern Negev. This is a minimal number, 

because periods of contin~ous activity, degradation of multiple scarps and 

lack of preservation of scarps due to lithologic and topographic conditions, 

preclude the possibility of identifying additional phases. Rock-cut surfaces 

trrmcate various lithologic units and different structures. The picture is 

probably more complex due to block faulting of unknown age arormd Mount Tirana. 

Faults and lineaments in alluvium are related to later stages ?f rift activity. 

The fault scarps were degraded rather rapidly. The distance of their recession 

is very short compared with the older fault scarps carved in hard bedrock. 

The short distance of recession is also related to the lower initial relief -

usually 2 - 6 m. It is possible that many of the scarps have fanned during 

individual (single) events or several events very close in time. Slope profiles 

as well as incised gully profilep are used to assess recurrent stages of falllt~ 

ing. The dating of faults is based on pedogenic evolution of Reg soils on the 

faulted surfaces the slope profile and gradients of the fault scarps. angle 

of slope of most Holocene sq_arps is usually steeper th_an 23°, ~hereas older 

scarps are gen~ler than 20° of slope; usually they range between 12° and 10°. 

Faulting ~long the Gulf of Elat has cut alluvial surfaces of late Holocene and 

younger ages, whereas faults along the Arava Valley appear to be of early 

Holocene and earlier ages. Is the Arava Rift a seismic gap at present? 
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An analysis of fault patterns and their ages in the Elat-sh~oret area leads to 

several conclusions: (~) The mountain fronts are non-active for a long period 

of time - several 105 yrs or more. (~) The faults in alluvium are rather distant 

from the mountain fronts.(_£) Many of the older faults in alluvium trend NNW, 

with the down thrown blocks to their west. (~) Most of the younger faults trend 

N-NNE, with the down thrown blocks to their east. (~) Faulting gene~ally prog­

ressed eastward with time. 

Changes in drainage along the rift shoulders accompany rifting. One 

example is the Ma'ale Grofit area. Reconstruction of the pre/syn-rifting drainage 

patterns is based on several indicators: (2:,) Wide saddles, often filled with 

fluvial gravel, across present-day divide belts. (.!?_) Presence of valley fill high 

above present flood plains. (£_) Anomalous patterns.of drainage nets, such as trib­

utary junctions opposite to flow direction of the trunk streams, or streams flow-: 

ing west and turning sharply east. There are several instances of impeded drainage 

and playas in divide zones and further downstream. (~_) OVerfit valleys draining 

small catchment areas and containing very narrow and shallow stream channels. The 

gradients of these streams is very gentle. In the past, these valleys drained 

large watersheds now buried under the rift bo~tom fill. {~} Allochtonous sediments 

and change of particle size - from coarse gravel to fine sediments -related to 

changes in discharge as·well as in stream power. 

Two modes of escarpment retreat are characteristic of arid regions: {~ Under 

moderately arid to semi-arid conditions, continuous talus aprons are formed, 

maintained and recede due to debris flow and wash. {.£_) Under arid to extremely 

arid conditions,erosion, wash and gullying predominate; talus stripping is 

relatively fast. Sequences of "flatiron"-like talus relicts found in hot deserts 

under various lithostructural conditions may reflect major climatic changes -

len~ly pluvial periods and rather short interpluvial ones. Rates of scarp ret­

reat, through repeated. cycles, are estimated to range from 10 to 60 m/105yrs, 

depending on relief and lithostructute of any given environment. Changes in flood 

plains fit the model: (~) Debris flow and fluvial deposits over wide braided 

bajadas during pluvial periods and (£.) ~luvial deposits with scant debris flow 

sediments, along linear incised flood p.lains, under interpluvial climates.Long­

itudinal profiles of talus-bajada sequences converge downstream due to climatic 

controlled progression. Talus slopes, with low sensitivity to environmental change, 

uf'i"eot.mairily major climatic fluctuations. 
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Location map 
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STOP 1: The effects of rifting & faulting on fluvial systems in the 

Ma'ale Grofit area: 

A.Present-day configuration, 

30' 

36' 

PRESENT-DAY CHA!ff:L 

PRESENT-DAY WATER DIVIDE••••• 

VALLEY INCISED IN ESCARPMENT ◄•• "•, 

ALLUVIAL FILL (SAND, SILT, FINE GRAVEU, 

MAJOR FAULT ESCARPMENT f f f f f f 
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8 .. SuggHted reconatructJon of pre-rifting configuration. 

STREAM CHANl£L - ALLUVIAL GRAVEL ~ TRACE OF LATER WATER OIVIOE • • • • • •. 

VALLEY SIOE PRESERVED UNTIL PRESENT u..u.i.u., TRACE OF LATER FAULT ESCARPMENT 'VVV V V 
TRACE OF VALLEY, INCISED LATER IN FAULT ESCARPMENT • • 1 

• ' • • 
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STOP 2: Calcic paleosol of Na!)al Grofit 

STOP 3: The evolution of a sequence of talus "flatirons•. 

W- pluvial regime D-interpluvial regime. 

-----r----· 
..... '--.-"--< : : 

' ' 

limestone 
I Dolomite 

Sand■tone 

-~- •-. . -. - ·- ,? 
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STOP 4: Formation of rock-cut surfaces at the margins of the 

Arava Rift-Timna Valley & Mount Timna 

STOP 4:A. A Schematic cross section illustrating the geomorphic 

expression of periods of tectoni•m & stability. 

-•••t Eaat-

Tlfflna Valley Mt. Tlmna Arava Valley 



- 138 -

STOP 4:B. A map of planation surfaces • 
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STOP 5: A. Transition from bajada depositional regime 

(Pleistocene terrace group) to linear floodplain activity 

(Holocene terrace group) in Timna & Nebushtan Valleys. 

IT:,:;-;;-;i 
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STOP 5: B. A Reg Soil profile on a Pleistocene alluvial surface, 

Timna Valley. 

depth, cm 
Ao DesP.rt pavement, covers 100% of the 

surface; pebbles - average of 3 - 5cm in 
diameter. 

Av 0 2 Vesicular layer; reddish yellow 7.5 
YR6/6 dry, strong hrown 7.SYRS/8 wet; 
abrupt houndary. 

B1 2 20 Silty, gravel free horizon; petrogypsic 
horizon; pink 7.5YR7/4 dry, strong brown 
7.SYRS/8 wet. 

B2 20 60 Shattered pebbles with rounded gypsum 
crystals; rr:!ddish yellow 5YR6/6 dry, 
yellowish red SYRS/6. wet. 

c, 60 90 Rounded pehhles; gypsum nodules; loose; 
light reddish brown 5YR6/4 dry, 
y~llowish rP.ci SYRS/8 wet. 

C2 90 - 110 Gravl"'l, some shattered; very loosf!; some 
nodules; reddish yP.llow 7.5YR6/8 dry, 
strong brown 7.SYRS/U wet. 
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STOP 6: C. Alluvial deposits of a high terrace In the Nel)ushtan Valley 

(open mine G). 

-E· ·W· 

REG SOil 

PAlEOSOI. 

TERRACE SU~FACE 

WET P'HAS( /UJVIAL, 
CA~IONATE GIIAVEL; 
SOME SANO. 
INCLUDES OEIIIIS 
FLOW DEPOSITS. 

O~Y l'HAS(/LUVIAL, 
SANDY 0£l'OSITS 
WITH SOME 
CA~IONATE c.llAvtL. 

STOP 7: A. A Reg Soll profile on a Holocene alluvial surface, 

Tlmna Valley. 

Reg Soil, Holocene Southern Negev - Timna Valley 

Ao 

B 

c, 

dPpth, cm 
0 2 Desert pavement mixed with fines; bar 

and swale pattern. 

2 3,5 Silty; vesicular layer; light brown 7,5 
YR6.5/4 , 

3,5 - 6 Silty; yP.llowish red 5YR4,5/6. 

6 9 Fines with some small pebbles. 

9 14 Shattered small pehbles, 

14 40 Pebbles with finPs; well sorted, 



- 142 -

STOP 6: .Generalized composite sections in the alluvial deposits of 

Timna Valley(A) and, for comparison, Wadi Khuweit, eastern Sinai(B). 
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STOP 8: Alluvial & colluvial Holocene depoai ta of Nat)al Avrona. 

STOP 9: A. A schematic cross section through the alluvial terraces of Na!]al Avrona 

- s -

,.,. Mt. Amram 

N•b•I Avrona 

m T---• ~ ,_ ......... 
lil!il .,_.. - --­
~ ---· 
12:J ~rlllo ·-· 

- N -

.... .., 
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STOP 9: B. A map of the alluvial terraces of Nal]al Avrona. 

(Terrace designation is provisional) 

0 200m z-­--
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STOP 9: C. Stages In the evolutlon of a talua alope In Mount Amram. 
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STOP 10: A. Late(?) Pleistocene & Holocene faults of fan-terraces 

of Nal_Jal Shel]oret, north of Elat 

o .. __ •.___--12oomj 
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STOP 10: B.Quaternary faults of alluvial surfaces in the 

southern Arava Valley. 
(The slightly thicker lines in the eastern portion of 
the map represent faults mapped by Garfunkel, 1970) 
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n,nnwn n1sn n,1sn .ill llH? 1 7Y.IA? fl 1 NY.IS'lJ i1 1 71L10i1 ?W fl17W!IN lJJlY.11 

,D1:J7:J lJ.IAJ. 1n1 1 Y.1J. ilJ.lJ nn 1 n i1", 1 nn3?Y.I 1 :J ON ,n,ntNY..I ill 1 J.W ?WJ. D'JJ.IAJ. 

n11snn ?w 11 1 ?»n p?nn n.upwn n.u1 .3 .n,1snn n1,1~sn 1n11 ?snwn n, ,,nw 

.n1 1 1w 1 1 1 ?.u i1N7J3 1s1Jw ,p1sn JANn ?w 1 n1,1n 1 1 pn 711x? n 11 pnn 

. ilJ.7.Uil L17l'll",JJ1jl 

n 1 ::n:> J>H1 fl7:J 1 Y..lil nJ1 1 ?11n n1 1 n 1 n 

.0 1 11,pn n1 1 1on 1 .U70Y.I 17lJJW 0 1 p1?n i17j)'"W (7W 1 Y..li1 L17Y.11",AJ1jl),i1J.711i1 

. i1J.1L1 n1',J11nn 1 ",lJJ. n 1 p1?n fllJ.:JW DJ 0 1 NS'1Y.l 1 :J DN , i11117A Dfl?Allnn :J"Tl. 

?W DlJ.:JW n1 1 lS'Y.) 7nnn .,.,, 11 1 7.Uil j)'JTIJ. . 1 7N11n 1N 1 ?1n :J"IJ. ll:J 1 ",i1 

11L11 1 p1 L17Y.11?JJ1pn n.u J.l!l 1 i1 1:J1wr.in ,0 1 1L1rt 7!lOY.1 ?w 1 11.uJ., 11? 111n 1 p 

111Ul 1nnn .n 11 nw1 1 0 1 ',1";)1W ?W illlH!) fllY.llj)Y..111, 1 7J 1 Y.1', J.l:J 1 W D'NS'TY.I 

100 -:J ill l 1 J.llJ :J"ilOJ. .nu,,·u1 fll'JlJfl ";)W fllU!)lfl i1J.7il 11 fl1Y.1 11 j)l ,iNn 

i1N7J:J D71j,IY.IW "P9719 !-"'711j) 'JW onl1Y.IAY.I D 1 p?n DJ D'NS'Hl Jl'?Llil Jj)'JOJ.. 'r.i 

1 lJ',O 'JlJ flTillY.) N1 i11 ,,~A~ ~»n:J n 1 p91N ll n1 1 n 1 117An 71n1 .n'J 1 N 71lNJ. 

7S' l 1 
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n,1::m ',W D 1 JJ'JO 'JlJ DA nnJ11J lPnl ''1.l 400 -:::, 'JW n:t1AJ. ''T1J'J 1 j)91K nl.1WT.l 

D'7J.1Wn n• 1 'JT.l71J D 1 71W nr.13 DA K!:/Y.IJ 1J.7An l:J7T.lJ. .719n Kln H7Y.ll'JAJ1pn 

.n17JJn 1.11r.11'JAJ1p 'JW n11::,w 

DlJTJ 117A 71lKJ.. 11K!)n ll'JP 17i llf' 11 n1 1 n 1 'JW D 1 1.1JT.l'i0 lK~Y.JJ lJ. 

DnJ. l'K ill J.'JWJ. lK .,n1 1 n17'1J!:I fl1U7~ 'JW D1 9011 fl171i 2 n1n9'J lK!:/T.lJ 

1!1"1T.ll'JAJ1P 'JK ll n 1 l!IO'Jj) n1 1 n 1 'JW n 1 s'J71pn. 1J.7A1 D1 lJ17 1 Kn l17Kfl'J WlT.l'W 

' 
n•=11wnr..tn 'Jw n•'J71!1'J n1 •::iwnn "" nou11T.l (1957 , p:i1,=11 ,1n-1:i > n1,JJn 

. •.U'Jlff''Jil 11 1 >'.lln 'JJJ1 , 1 iT.l'J 1 1 nl< l!IJK 1 i7A:J. 

. 71•on n11nn 

. D1J1J J17A ',w '>'.llTTn 7:J.Wn . i 

1on 1 1 71Jl< nJ.!:ln n11sn 'JW 7n'J. 1'Jw o••',1wn •71w ,1n•H1 117.:H'l ',,'( n•?',:J 

. 7J.Wil 71W'T.l ',l( 

(10 71•s> n:i!:/n n11sn •11i 'JJJ nJ.7JJn 1.1,n1'JJ11p ',W nT.lNnnn •K 

. 117Ai1 

. p.7Ail ?W 1 119!:/il 7J.Wf1 .2 

1 11!'.JJ pn.unn 71W'T.l. (11 71'!:/) 1440/9763. !:/. JJ. 1J.Wil ~TWOY.I 'JK J.:JTl il:J'?il 

n•11!JJ n:isn n,1sn .J.7JJT.l 111•:J'J n••11~1 n, 1 ,1i •1r.i•o 1•',111, 1111in 1111 ?1-1 

, j}flJJilil j'l!:/T.l •"JJ 17!:/lJW a,•'J:m K'JT.l)) n:l7JJil 1.171.ll?AJlj)l j)fl.Uilil 11W 1 Y.l n:l1j?J. 
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. 1 1 ',JJ i10:J.Y.Jl 

7nnn 'JW ,n1 1 1 n111n p'Jnn 'Ju1 n1~n n,1~n1 n 1 J1w 7nn 1 ;,'Jn 'JJJ n~~~n 

rnn>'ln 1 r.i1,1n ,1wn 'JW 111wnn . ilJ.17i'i1 n1 1 1on Pl 17l1JW o·•p1'Jn 'J•:Jr.Jil 

.ilJ.7lJi1 ~7)'Jl'JAJ1j' fllJj'Wil ~01~1 il7~ :n•J.':,W 1 JWJ. i17'J.W 
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o,,nn 7;x1 7J7.JN 27 
y1Nn 117-' '»7D; 71.,vn ,n,J1;1n,J; n;,;nnn 
91904 o-, ,o,;w,,,2 n,12»n ~v,012,J1Nn 

.4 .or.i 1170 

7D11DDDn DJ;Dn1;,n ;~ 7D117fl1 ,r.,,nn ,;,;n2 nn12J OT7D11DDD nJ17D n1nDY ;~ 7n1ff7YD 
nD,Jn ;71n ,o;,n on,;n,n nD7J ;w nn,,;, ;» 7'»n; n;1.,, (ND1DD;,Nn ,,r,n) n;,n 11r,n2 

,;;Jn flJ2Dfl nH 7017D21 ,11T7fffl ;~ 0T7D11DDD.l 0711~j.lfl 07D710D 070.l7fl 172Dn; n~pnD 
.n,D11DVDn fl17Dn ;~ 

.11r,n2 o~»;on ;~ n,D11nvnn1 -:r,,J,v;,vn n,nnDnn; ,g,;n 12on1 w11D J7YJ ,,,on ,;no.J 
(,nD,JY) 2J1!!:I p17n v,n,;, ;;,.,n n1»11no qy1 ;» n17,p~nn7w n1,DYn ;» 001.JD 12onn 

noY»2 0T7D11DDD1 n11»0 ;~ 07101ND 072;~ 777 ;» 07.Jj.l»Jil ( Thrust 11Dn 12W1 

.nJ»17 

1;flD.l 
,Fig 2 

»'D1D 

~Fig 1 - 2 07JY1D 1.lDilil n1Jnn 717Y1 ,,,on 11T7ff ;" n,J,;1N7Jn nDOil 
.l JY1Dn ;;.,,on 1nnn ,n,1n; no17n ;,;002 0117; 71DYD 11rnn nn nYnJ ,,,on 

11r,n2 n,J1v;,vn1 n,D11nvnn n,1100,nn ;i, 1Yi' o,.,,o .n•;, 3 - ., nJ,;nn ;,n,n 
o Table 1- 2 

n,;;., n17;,o 
nVW.l 7VJJ7D17n ilJ2Dn 27J1D on Fl v,n,;,n 2;~ 1~D.l 11Y1J ,~N Sl n1,nnDY 711'770 

ilJ17il.l n;1» n7D11DDDn il170.l OT7D110DDn nJ17 0 ( Fig 2 J nD117 71no 7D1N2 21,; 07V1J1 
nn1.lJ nJ170 n1ngy; ,TJ1D2 VJ1J nnDY 117 ,( Fig 1 J 11T7N~ 71DY.l 070172 n,nDYD 

0711T7ffn1 077J1;1n,;n o,»Jon 7J71'-' .nvwn 01172 V7Jn,;,o, v,;111Nvo n1KW1Jil 
0711T7ffn7 D7»JDil!!:I ,., ;» 07TD111 Sl n1,nn9yn•11w,o ;" ,;;.,n 7,,,.,; 07017 ,077D11DDDtt 

tt17Dtt!!:I ttN1D Fig 2 - 2 1nnn ;N V.lD Fl 010,;,n 1'7D2 DJ11J nH 1!!:1.)1 0779110DDtt 
;» a,nYDJ (v,;111nvo n1nDY) nn7.JJ n,911nvo nJ170 o,»;o .nwn, ;» nJ1Dn n,911ovon 

nJ1DJn nJ17ttD 0'0172 nn9y n»'D1D 1nnn n,nnn21 ,(VJ1J nnDY) n,on, nJ1DJ ttJ17D o,»;o 
,ng7JY Fl VDP ;" n7;1n N1tt n,g11nvon fl17Dil ;~ 11Diln ilJ.lDtt!!:I ,7.,; »Y10 .,n,,2 

·.11Dnn 11nnnn 1DJN nn 0,1,no nv!!:'2 0,91!!:lnn 0J;Dn1;,n ,»;o 11!:'N ( Fig 2 nn1J 

;;., 11721 v,;1,1nvon nnDY ,91J o» »JO.l o,n2 OJ7N DJ1Jn nnDY 'D1J!!:I n1n10 tt7!!:I n1,DYn 
707J1Jil 077JJn 7'.l 07»JO 7J10 7J'7 1DYJ 9D1J.l .DflJ7.l 07YY1n 7V7J1Jn 077JJil ,v;o 

nngy; D''JJn 7,2 »JDn ,,2,r11vJ,N »JD N1n 0J1Jn-nn9y; D''JJn 772 »Jon~ 11»2 .n,nDY; 
»JD n1n 7nn »JDn~ »Y10 .o,,JJ.l ,v,J1;,n J1ND ninnDnn.J 7,D1no1 1n,,2 7n v,;,,,nvon 

nn12J ttJ17D 07»;o illP.lil 1!!:IN n:nDn tt17.l!!:I , Fl 11!:'D.l tt'7n1nn 17JD ;» 1'7N 7J1Vj.lV 

.,v,J1Jn 077JJn o» 7n »Jo; 

nJ.Jo n;»2 n7D11ovo n17DD .JJ1D , Fl-; D7P!!:I .lYD.J o,p;on 110 n,n ;nnn ,g; ,01.:i,o; 

,n1i11.JJ n,,;11v;,11vo n101.J 17tt (D7V17.l nrnDY) il:liDJ i1J17D o,»;o tt.l'7 ,,;ND11J 
1~02 ,nD 7JY V1D'i' .n,.,,nJ n1012 ,,n (v,;1,1Nvo ,vJ1JJ 1n1, nn12J~flJ17D 07»;o" 11»2 

71!!:IDN .on 9N 07JiDn 0779110VOl1 0711T7Nfl 1.l 1'7N 1iDn 71nnn qJN ;" ,n,.,y,; D1J Fl 
o» ,J10;,v »Jo; nn12Jn nJ17nD o,»;o 1n17 21 ;,01»0 nn,2n!!:I nJ1Dn n1,2w2 n,,; vn;,n" 

nn ,,2on; x,, 12;2 ,ng,Jyn v,D,;,n ,;7;on "D- ;»" !!:'7J7n; "" .,v,J1Jn D77JJtt 
n1,DYn 17.Jon; 7»1J!!:I !!:'11D N7tt ttJ7Dnn n,,2~11!!:I 71».J ,,,r.,x2 ,911ovon ttJ.JDn n;nnDnn 

.72;2 n1,J'7D 
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,n,, D'JDP 0'01:lP ;~ on,,y,; N':::1.iJl!) , F~ :::1.p1»n Jl11»1:l:::1. RD:::1.»D ,ny,n;n 1DWl:li1 1Wl:lil 
o,01J on,,,y1 o,,~JR on;w o,,,yn ,,,w,n 1WR ,o,p17n 1R o,n,ng ,(o,,on »1Rl:l 7») 

»JDn nn DJ 1nwn 7,:::1. vnpnn ,,,r,nn :::1.1»1:l - 0117:::1. :in, ,;u11gJ,o ilJ:::1.1:l on:::1.1»1:J n1;p 
:::i;w ;l!J on1p,»n o,1y1nn 7nR n,n ,v,;1,1nvon nngy; ,v,J1J,1 o,,J;:rn p:::i '·J1Vpon 

»~'»7; 111:Jo:::1. wn,nl:l nn1:::ii or,g11non »J17 o,J,,ynn o,;,J'l:l ;l!J 0;17,i 01,0 .nr 
o F2 01n,pn 

o,»;on ;w 0111p ,,;n,nn; ,J1vpvn 1ownn ,,J,w:::i 1il!Jp 11r,nn ;w n,,,vo,n:::i n:::in :::i;wn 
or,9111:JDl:l ,1!)701:l o,n,n ,;,:::ipn 111,0:::i o,,o,o:::i o,p,,1 ;w on,,,n nR 11WDR ,nn,nl:l 1owu1 
or,g11nvnn • "oo,w p1i"; o,p,,,n »N 11,nn ny,n;n ,vwD .,~ 1n1w1nmn n,J1J,:::1. i1J17.J 

or,g11n0Dn lWD:::1. .on:::i n19Y'Jl!) n,y11i11v1n n1»91n ,g ;» o,n7nnn o,»;o:::i 1j'J o,p,,7n ;w 
1r; n;,:::ipu,n,11rR o,;,J'll n,YnJ,; .n,11:::i n,YnJ,;1 n,,nngy on:::i nnn9nn a,p,,1n ;w 

.o,n,nnn o,»;o:::i DJ n,1yn ,o,p,,7:::1. nRYl:lJi1 

'»JD ;w i1"JYDJ'11Rn .n;,n D'J1J ;w 1n,,7n o» nnnnJ ,,r,nn ;w n,g11DDl:liJ n,1100,nn 
n,yn,J,; ;w nn1n~1J ,9 ;» .:in, ,;n11gJ,o ilJ:::1.1:l n1Yi' 'D111:lDl:liJ Oj;gn1pn ,»;O o» D'J1JiJ 

nJ:::in; n,nn nD11n .v,u,p ;w nRYin n,n nJ:::innD p;n n1n9;w n,Jn; ,,:::io »;o:::i nw;n 
.o,n11p o,J:::in 111N; o,J1in ;w nD1»n n,,,nD ;:::ipnn; n;,~, 

-,;,o ,,-,7r., 
,;», ;nJ 71gy v,v,,:::in nnDYi n;,n V'J1J 7,:::1. »JDn - 1 nJnn 

;w iJ'J1;1J'lli1 .( Fig l) 'D11DDlliJ Qj;gu;pn ;w "JJlDYiJ ,;1:::1.J:::1. ql!)nJ n;,n D'J1J 
n,YRJ'; ;w nn,njiJ .v,:::1.1po1u1 v,v,,:::i ,1Do7;g - x ,r;p;,J;g ,r111p n;;,j D7J1Jil 
m1»1:Jn ;l!J o,1n1RD o,:::i;w:::i 1711 µ,J1Jnf o,·r,»l:l ,o,,n~ o,»;o o» n1w 7on,, »;o:::i iJ!?:l;n 

i11:l117 i1D1J (TR~) 07017:::1.jJ nnDY D» »Jun ,11T"JNjJ '»;o nn 1.JY'» 1WN OT"J9111:lDlli11 
.n,ngyn 11n ;N 1p1rnw o,o,otlJ91 o,,o,;gu o,p;u:::i ·»91w»1 

n,,nnDY n1n1u1 ,v,01,:::i1 r;p,,i;g ,y111p ,p,»:::i n,:::i~,n ,,,vJn77o NYiDl:l ,v,v,,:::in n1ngy 
o,p,n»n n,,nnDYn ,,,w,» nn niy,,uw 711,j Sl nJ1~n 1r n1,nn9y .nn117 nv1Jil n111:::i 

n,oJ 711,~2 o,;,J,n »'YRJ,; ,( Shimron , 1972) i17W:::1. ,,n,r; o,Jn,Jw ,n,,:::i 
s1 - ; o,;,:::ipu n,,n; o,v1J o,,,,pn :::i,~,w ,,,1!),n ,s1 ;» o,n»; n,;yn n1,nnDYn 

n1p1n1 o,n»; pi 0"111:Jl!)J Fl ;w D"JJVP O"JDl:lP ,,,y ,Fl 1Wl:l:::1. prn n1D71!)1:J iJRYlnj 
• , (4 nJnn nNi) 

:2 nJnn; 1 nJnnn 111n 

1
"J1j17JljJ lJ,;;;p9tlRi1 q1J 11nl:l 11701!) O"J;l:::1.,91:lR n1J1W; Jl1»"1911:l 0701':::1.il nn!J;i 11})3 

n,;,~l:l o,n,»;1 Sl - ; ;,:::ip/:l:::i n1no1wu1 n1on1pn n1J1w;n .,n,, nn111 q;wnn 
o,p,,,, o,,v,vnJg o,p11» :::i,nJn 111N; o,»,911:l ,~ ;» qo1) ,nn9y ;w o,o,;;Jop 

,o,,9;1uon n; o,,o,,,g;;g 
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• ( "garnet-in" surface ) ,n1n9yJ VJ1.1 11JJ91il - 2 - ,1.1nn 
,ll'D11DVDil i1170J VJ1.1 ;~ o,vo;~,1,9119 i1J1~N1; 0'JJ'fJ1D llNT ilJnllJ 

.v.11.1n n1n9y; v,v,,Jn n1n!JY 7,J ;1J.1 nvwv n1y1, n1n!JYJ v.11.1 ;!!I nJ1~N1n 1np97n 

711'J; ;,Jj1DJ i1D117 ,10;1 J1JJD - 01TD ,;;J 711,JJ nvwn Jn11; JJ1111!1D VJ1.lil 11JJ91il nVBD 
;p ;i7,pv Sl n,,v;n 111,nnDY; nvwr.m ;w n!iJpnn , ,pDN 111pvJ n,n ilT 11w,m11 ilnJnJ .Sl 

V'V1'J 11.117D o,p;o ;»v D'NYDJ VJ1.1 11.1171] o,p;o V1D'j1i1D iJNY111J .Fl 11!1DJ 1V1D'P 
,(Fig 2) 

0'JJ'!J1D ·v,.11.1 0,,.,,1 ;w o,.1vp 0'170D 1!JOD .v,;1J'DDN; VJ1.lil nnDY 7'J JJ.lDil llN 0'Y1n 
.n,v1pn nn7!JD Sl v,;1J,!JDNJ .n1,nn!JY1 o,;1.,,n n,,yN;,; OJ111J ;,;ovn 111N; 

v,;7J,fJDNil 91.1 - 3 iJJOll 

7NJD .,1p,pn v,;1J,9DNil 91.1 ;w 1TJ1DJ (o,1vn 325) 11vnw 1n ;w 1wN1 ;» nnp1nv~ 
.1111, o,p1n1 0,1,r,N 7J1 1;1J '!J11DVVil 0J;Dv1pn qpwJ 

11J.1D JJJ OJJ1jJl!1 o,,.,wn 17nD '91.l 190DD JJ1D1 0T'!J11DVD 1JJ}l!1 1701] p;o N1il v,;1J'9DNil 

.VJ1.1 llfl!JYJ 9P1D1 J1JJD - n1rv 717'JJ 11ND ,;;Jn ,v,,1J'!JDNil 91.liJ .v,11,7 }'111j1 71J 

,71!JYJ V'V7'Jil nnDY 111/J J OVl!1J o,1nN 111D1j1DJ 0.1 o,NYDJ v,;,J,9DR ;9 1111' 0'JVj1 0'1701] 
;,J,DDN,r;p,,,1;9 1p,JJJ n;;,J v,;,J7fJDNn ;w iJ7.11;1J7DiJ .(0117J V7;111Nvon nn!JY 1111J1 

OP911DVDiJ 11.117.Fl 7J!J; i11!101llil 1111'701!1 ,177JJl:J7 .»50J 11nnrnn S1 111,nn!JY 111D1j1DJ ,V'V1'J1 

;!!1 il.117; nDRlliJJ 11NYDJ1 ( Page, 1972) ,v,;,::i,Dnan ON?YfJil ;9 11DJiJ 01nnJ i117.lil p;oil ;w 
,ilJ7DOiJ VJ1.lil llOfJY 

:4 nJnn; 3 n.1nnn 117n 

iJJ111D 07;1J?D 11'YNJ7;1 i1D717 iJV1J,1 sl 117n!JY::l .VJ1.lil 11n9y; v,;7J7!JDN,1D i1D717 077117 

.240° 7117JJ 

• 07JVj1 Fl 7VlJj1 -~ 

,0771VD70N ,rPi'17,1 07VlJj1 071Y1'1 111n9Y::l 071Dl!1J ,P111fl::l 0,1,BlJ ,07711i1D JJJ7!!1 '11!!)71] 
OV9D; ;,::ipD::l ,1j17D 7171!11} 07j1!JNJ nnn1DD Sl 111,11n~Y .o,1vn,vJo 11711!1» 71J ;9 ;,1 111NJ 

, Sl ;» nnn1Dvn 07;1_,,nn 117YNJ7;7 2so0 7117J; 111;p o,nn1.1 Fl ,1,y ,Fl ;w 0,1,yn 

,ilD717 iJ7?0N i111YJ Q7V1J 1J1JJJ nn,u 117,1 111N; Sl 717971:JE-l 77JJJ .oil; ;7Jj1DJ 111101.l 

.Sl ;w i1''1VO; ;i;7Jj1D 1111 11,,,,; 11J91i11 iJ]liJ7JY ]IN iJJ9D 0i}7JD ;p il'YNJ7;;i 

111:l"fll!J Sl 117'110!JYil ,V7VJ'J1 r;p,,,1;9 11D0111J 1D07;!J - K ,P111j1 JJ11' 7V7J1.1,1 077J.lil 
1111JJDil J;B 11N 0711iJDiJ F2 ,vi,;, 777 ;p J'IVD1flD ,7V7J1.1~ Q77J.1::l 11117 w;n, 1110!JYJ 1117JJ 

op;nJ1 0,01119 op;nJ o,vvp;i ,iJJ11JD n111nv 071/0lJ o,vvpn 717Y .(Shimron, 1972) 7J!!1il 

o,,,y 7111!1'D 77? ;p Q?J7!J1ND 07V1Jj1,1 ,o,,vn 111ND 1!JOD; 1J7.1D on;B 5.1n 111N1 07j117iJ 

p;o::i nn7pn o,511,vil 117YNJ,; ,S2 - nw7n 111,nn!JY on; ;,::ipv::i 11nn9nv n1n1pnJ 1BN □ 77JJN 

• ?V7J1.lil 79.lN nN 077D11VVD o,p,,7 o,y,n vvpn N,!!l; nv117 , □ 7VDpn ,,,y 7717J; ,,;,::ipv 1111 

: 6 n1nn; s nJnn pJ 117n 

07V7,1JOj1 1111'1j1DJ ;,Ji, 7V7J1.lil 077J.lil ,F2 7"JJ 11VV1i1" VJ1.1 llODY 71!JY 711,J; 0'J19 

.Sl 7J on1Dv o,n,v;, iJODY ;9 
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,7V7J1.lil 077J.l; VJ1.lil nnDY 71.:z 7J7T11VJ7Nil J}.ll::lil - 6 nJnn 
077V7J1.l 071701::l ;J:',I i1J}D7il.:Z ]77!J1Nl::l VJ"1.lil nnDY; 7p7J1.lil 077J.li1 p.:z 7J7T11VJ7Nil J}.ll::lil 

,07101::l n71J:',IJ} 1DO/::l 7.:Z01J:',1.J}.ll::l OVJ:',1 7J!J ;J} ,n,nDYil 11n.:z 1770 1n;.:z 7D1NJ C71T7!Jl::lil 07JVp 
J7J0 07Y1DJ 1!J07;!J ;J:',I 01vo;.:z,17D11!J7 7V7J1.lil 077J.lil 11n.:z 07J}7!J1l::l ilO!JY ;J:',I 07V7;7JOp 

,171»n V7J1.l.:Z Sl n1nnDnn1 V7J1.lil 7!J1.l .:z1.:zo n1nDYJ Sl n11nn!lY ;" 11»1vn .n1n9y;z ».ll::lil 
. F1 v,n,pn 1JD; ,1J:',ln1nn 1n117n" 

,11171 S1 n11nnDYJ 7,n.:zn; 7n,; n1v1pv.:z .,v1J1.ln 011J.li1 q1.l nN 01Y1n1 n.:z1»l::l D7J1D 
,077J.l.J ilJ:',l;O ,17YNJ7;7 

,v1;1,1Nvcn nn!lY1 1v1;1.ln 01,J.lil 71.:z 1;1vpvn J}.ll::lil - 7 n;nn 
7111.J; nv1J 1J:',1N nn1.:zJn n.l17nn v,;,1,Nvon nnDY; 1v111.ln 01,JJn 71.J 7n ».ll::l q"n; 7N.J 
;pn n1ns:iYn ,».lnn 11TN.:Z V7J1.l.:Z nnDnn 1v1;7;,v .l1Nl::l .n1nDY.:Z Sl ; ;,;zpn.:z .:z1pn-0117 

,;;,1 nrn!lYn" nnN1n n11v;nn1v1NAnr,;JN .v1111711r1 v1Jn1;10 ,v1;111Nvo n1N1!17J P.ll::lil 
(Reymer et al., 1984) 2,5 - 3,5 Kbar ;w 01yn;, 57o 0c - .J ;w n111v1Dl:lVJ 71Y1J 

P.ll::l,ll:l 111.:Z.:Z ;7.:z; ,,;pl:lJ:',1 v1;1,1NVOil nn!lY1 71)7J1.lil 077J.lil 71.:z J}7!J1l::lil 70,1 7J1Vj1Vil J}.l~il 
n1nDYi1 , (N : n1JJ!l1n 1!JO/::l J!.!7.l7il; 71N1 ilT J;i,.:z , 6 nJnn.:z p; 0711' il!JYJI'-' 7J7T11VJ7Nil 

07NYVJ 01::lY)JJ 11'-'N v,;,;z7!Jl:lNi11 VJ1Jil nnDY ;pn 7V7J1Jil 077JJil ;»l::l n1NYl::lJ ili11.:ZJil i1J17ill::l 
-1n1nn ,,v; on1.:z /1!lil 7.J; NYl::lJ 1911nvnn 11T7Nil .1n,,.:z il.J1DJil i1J17ill:l ,v1v11.:zn nnDY 5»n 

v,;,1,Nvon nn!JY ]7.J q7Y1 1.:ZJ}D 1N )JJ/::l OVJ:',IJ NYl:lJ N; .(.:z .(Fig 2) 711j1l:lil 'D1J7D1DO 
.nnDYil 7J10 7Jl',I 71.:z YY1n ;;.J 111.:z 707J1Jil 077JJil ,DJ1Jil nnDY1 

;l!.1 n;;zpnn, 11!JiJj} 7!J11l::1Dl::lil 11PNil 1j17,VJ1 ,Jp!l11l:lVl::lil i1170il ilJ.:Zl::l ,J}Y1l::lil ;7,r.J,1 7!) ;J} 
Fl 11!.lDJ nn!lnni, 11Dn 1nD1Jy vvp ;i, nNY1n on (71!JYJ) S1- ; "garnet-in" - n nvl.!ln 
;w 11D,1il 71nnnn l!JJN nN 0711ill::l OVl.!IJ 017.J 07!J1\:',10,1 7!Jl7l::1Vl::lil 0.J;!Jl::l1Pil ,,v;o .(Fig~ 

nn!JY 71.:z 7J1VPDil JJJDil ;w 1l::l17j11 v1;111NVOil nn!Jy; VJ1.lil nnDY 71.:z n1D'Y1il 7N .Dl::lPil 
7J1DjJVil J}.'.ll:l,l 111N; ,1.JJ!Jil ill7JJ!.1 7"J} 071J01l::l n11n; 07;1.J7 , 7V7J1Jil 077JJill v1;1,1NDOil 

,DJ1.lil nnDY1 'D7J1Jil 077J.lil ;»n ;N V7;711NVO nn!lY iJN7JiJl!.1 

,1v1J1Jn 011JJ.:z 011!J11l:lDl::l 01p111 - s nJnn 
V7V17J ,r;p,7.l5!Jl::l 0 7.:Z.J11D07p771j} ,7V7J1Jn 077JJil nN 7N.J 07Y1n 01,nn!JY o,p,17 

or,911nvn ;» 011,pr.i 0151.:z1D:rnn ;" n1n,.Jn1 o,p111,1 ;w n1J1;1;1r.in .1v,;,1,vpN-n1-J;.:zJ11n1 
OJ117.J ,.:z,v J117i'J 077.JJN 07j1777iJ n111p. ( Avigad, 1984 ) il1.:ZJ 007\:',I - ]71.l 0N77Y!JJ 

07p117n ;w OP!J11l::lV11il 7DT.:Z , F2 ;J:',I 0717Y,7 717J:',17l:l; o,;,.:zvn nn 0Jil1 , .J1»11 - 01Tl:l 11».:z 
il7YNJ'; ,cn1n111p; ;,;zpn.:z n1111 il'YN'J1;, n1.JJN n11nn!lY cn.:z n1Y'W iJ7Y/::l11!l7 n"n1nn 

.llNDil 111,,.J; ;,.:zpn.:z ,o,p1,7n o» ».lD.:Z 1v111Jn 01,;J.J DJ 011Y1J 1v,;1;1n .l1Nl::ll nprn 
01vn1pn DJ'N1 F2 ;w 01vnpn 'DJN nN 01y1n 01p1,,n cn19; n,"n ,on, ,01p1,,n 11n.:z 

1wr.in.:z 11wp F2 : "iD11nvnn v.:z,nn '".V c.l npr,nv 1T nJpon .F2-; n1nrnn cn1,1n" 011,»n 
1,n; c,111nn ;i;N.:z oJJ o,p117.:z 1.J11n DPD11l::1Dl::li1\:',I n».:z nn1ii ilJ17l::l 01;1J1n ;l!l o;,7,J 

p,0,1; 7n11 OJ 7N:m.F2-5 1n1Nn ;z;w.:z 01p111n n111n J"nl:'1 ,1n11 /11::lJ (v1;111Nvon nn!lY 
n11w;, on,n111p.:z1 01p117.:z JlNDn n1nn!lnn; n1N1nNv n'Yl::l11!l7,1 PN,n;;zp,1; n1v1n nnv;" 

npODil P'Yl::11 , 07J}5on 11"171'7 ,07Yl::1Nl::lil 1VJ:',1l::l.J '1J7J:',1 P!lNl::l 07J7777il n1,,n ;z;w .F2 -; 
.( Garfunkel, 1980 ) 11PNil ;" n11J1rnn n,1,vo,n.:z 

il1Y1J 7.J;1 07j1777Jl!.1 iJ7YNJ7;; ,1;1.:zpn 0701Nl::ln 01p;o;z nNYDJil n,,,r,N o,;,J7l:l n7YNJ7; 
.( Garfunkel,1980) 01p111n ;J:',I iJ7YD17D1n /J:',ll::lJ ilNlJ.J 
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F2 -D119J,o ;z, pp;.:i.J i'li11.J.:1 il.:117D n,n9;y 9 - ilJnn 

777 ;p 17J1D ilJ.JDil .nVZ'il ;z, 1.J1JJD-D117.J n1119D 0710D 111ND 190D .Jn11.J 7D119J70 ilJ.JD 
11n1J F2 VDPil 17Y .nn9y!, •V7J1.:lil 077JJil p:i 7nil JJ.:1Dil1 111n9Y:l Sl 1J171Jn!JY 711El7D 

07!11J7)'J 117YNJ7!, 111n11i9D VDi'il 17Y 7117j; ;7.Jj1D.J .7jJN 0717Yil 11Z'7D1 .J1JJD 0117; 
ilD117 on10Jil Sl ,,,ein, • S2 - mnn 111711n9Y nnns,nn ,.,,yn 1111nn; ;7.Ji'D.J .111,::1!,1.n;n 

,1111,n !,w il7YNJ7; 111Y1J 1J1j1JJDil 711W 77.J 11117nilD ilN:Y11Jj .s2 711W71'J 777 ;p 07j1JnJ 
.H11,,.:1,0H ilJJ91il ;.Jpn »;on, 

,v7r,;7JN 0.:1 0711»;1 
V7JD7!,701 V7T1!17JN 

07.J11i'il 07NJ11 ;p 

VJ1J + V7177711i' ;w D7911D17"'10SJ + V7;1,1Nvo ;w 07VO;.J1?79119 
1IN7YD .D79j1W.J J1791D 7270 07JD7!170 ,77 111NDJ17.J ilJn.Jil!I 07J]l7J 
il77JJD1 ,11DJ pn;1 ilil12.:I il11V19DV.J OT7911DVD ;z, 0711T7N.J 1J1j1D 

.( sso0c, 2.s Kbar J on; r,1111:mn ;,:z.:i; 

:10 nJnn; 9 ilJnn 77.J 117il 

07V1J Sl 711W7D ,ilD117 117il 1WDil.J .7DJJ7D17il ilJ.JDil .J7j1D Oil 077jJN 

.F2 0119J70il ilJ.JD ;z, 7D117il tJJNil - 10 - ilJnn 

1WN i,1l1n9;y!,· 707J1 . .1il 077.J.:lil 7'.J 7J1Vf'Dil .V.:IY.lil1 Sl ,,,w,n ,7, ;.v 17.:ID 7D117,1 tJ.:INil 

oilJ1DY 0'D1J 

077J.:lil DJJ JJ.:ID.J NYY.IJ D7J1.:lil .7911DVDil 0j;DD1j1il ;e;i ~D117il ,;1.JJ JJN ]Nj il11ilD n;,N D7.J1.:I 
111ND 077911DVDil 0j;DD1j1il ,p;o OJJ JJ.:IY.lil .nD pn1D.J JJ1nDYil DJJ1 ilJOJlil 11T'N.J 'V'J1Jil 

v,v,,.Jn nns,;y op n;,N D'J1J !,w 7J19:Yil v.:innw ,,jfJ ,ilJ19:Y nv,.11 "»D - 'TD ,;;j 711,j.J 
,o,p;on 1NW JJN 1j11J.J ;;,jj} .Jn1 ,;n,19.1,0 ilJ.JD ,::1,, 11;7N V7J1JW ,,wDN1 ilD117 ilDJ 
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5 'OY..I 71,0 

.iY.lfl 71Wl i171M 7MJ. 71lM? 

. a•?w1,, , 1 l1?1M,Hl llJY..lil, J.Hl71 ,01 1 

• TI17:Jiiill (1 71 1 '!:l) (1967 J.1~71) 1:20,000 ?W Y..l"li'J. i191Y.l 71Hm .IY..ln 71W 

O'J''9MY-l 17Jlil 1 J 1 0J. il"'Tl::J.JJJ.. 1 l!1 1 Y.lil ''TJ 71n i1flWlJJ 7::J.Wi1 ?IV ill lJl!ljl OlJ 

l'Ml ,D 1 JlWi1 lfl7''!:l' 

. ? 11 Ji1 n, , J 1 ~pt!ln 

. n•971•i,71!Jo 

n1::J.ll1 D'!ll~n 7il ,n11n• n1111n ?W n11JW nl!IWnl nt!1Wil ?W 1117 1 l9 ?JJ 

(BARTOV El AL. , 1972 71nY..1} 3 -1 2 a•,,,~1 DJlOY.I 7nnn 

. il::J. 7lJ? il!I 1 9Ji1 . M 

i19 •!)J 

10-25 1'1 ilJJJ nlJ.JWil fl 11 t!1J .JJjlJ.il ?~ D 1 J17M n•lJ~i' 771M? nY.J••p llJ 

7.nn1 .n1 1 Y.llj1Y.) .n1r.Hrnil 1 M nr.i:>' .n1 1 1'!:lY.1 i19'9Jil ?W 1 97l1M 1 lil 71lM1 .n1?1m 

. 'MllllY.lil 
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.np1':l ? 1 1pn1 o•,1w .1 

,1w nn on1w n•~?11n ,D171 119~ DJ11•~w D1 71W 79or., O• 1 1sr.i n9•9Jn 771ff':, 

O•7s o•J17A nn1H O•11':ln n1r.i1pr., nr.iJ1 .n71ff 7J.W1 p1s•J 

. nn,n nn!l J17A . A 

.111H1 n•':1111!1?171!10 71n1n O1pnn H1n n1,n'J on, 'JnJ 79w1w 11,1n 

n••1sr., 117An 71n1 .007 ~,r.,1'JAJlj)l n11» n111n 'JW D1 1J'JO 1Jln1 D'9WOJ 

nunnJ n17Jr.i ?w. n•n11•p::i ,.up,pn nn:i ,nu( n:n·111, 1Jwr.,n. n1s nJ•'JpJ•o 

1'71!1 1 1 1Jr.i O•7s1 1 1 on, 'JnJ n?»n:i u~wA~J 117An ?w n 1 •?1wn •11w .»Jr.in 

.n1J•?;:i1•on n:nirn .1 

il7'1W '7111'<? 71r.,01 1117 fllffSY.lJn ,n1J 1 'Jj-1J 1 0 ':,W 17 790Y.I 71lK1 n1r.,••;:i 

n11•t,.,i1•on ':IJ1. nl!l?11 n1•7i,r.,o •ff n1,nK?1 ,n1•11!Jr.i•c 1nn n11nx .D 11 WK1 

D'Jl!lj) n•wi9n:i> 0 1 1••0 n,1sn1 •s,1 1 ~1~0 01J9r., 1n1N? ns•wnn n.u•1r.i 71lff1W 

i179 n•?JPA7 n•1•111N n1xs D,,j) ?.u n.u•1sr., n n11u1. <n11r.i'J nJ:ir.n'l 

.n11.un 'JN ns•sJ? nr.i1p 7WK ,n11•?;:i1•on n1•s• 

.o••?J•??•~JK o•JJ.Y.I .n 

o•i•sn .n1J 1 'J.,iJ•on ,son? n•on 1 1~~ 111K1 o••'JJ•?.,i•~Jffn O•1•sn ,son 

.o••wK1n n•11w'J 'J'JJ 7111 o•'J 1 1pn 
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. D, , l H)7il0 ,..f D 'l!IY.I? . 1 

o•r.i••v .o•J1W n,r.i n1p1 0••11r.i,no 1 1 0•11r.i i,w 1, 79or.i1 111 9Knr.i ,11Kn 

?w 0•1n1•r.i o•v',n? 0 1 ?1A1r.in1 ,n•J~? n 1 ,1w1 0•1,.,r.in 1 1r.i? n•!l 1 7n n•~Y.I? 

n11!in i,w 11nnnn pi,nn1 ,.n 1 !117A n11!in 0•01 ;n7!in n11!in AA 1113 7nnn 

n•"i,u 1•1 1•91'J•n i,w n1 1 111nr.i n1w• ,.,.,n n1r.i1pr.in i,31 . 0 1 1 11 0 

.71!i1 n1•0,n lK D 1 7 1 Al n1•07n 11A3 D'l!lll!l!IJ1?J 1 Kl D 1 1!1Jl!l!IY.ll? 

illi!llflJ. D'71W?il D'J171WilW lH ,D 1 71W .,JJ n'JK fllli!llfl fllJJJWJ fllY.llj'Y.I n1,n1 

.on1 o•r.ii,n11 113w ,,,w•n 7,n., 0 1 0131 

. 'TY.In 7J.W . l 

•1•0 ?lJ.AY.I KJ.il ,"TY.In 71W Klil 1 1!1 1 Y.lil Til!IWJ. 7fll 1 1 11wnn 1 Jll!l?l!lil l!IJY.1',Kil 

.il71K 7KJ.', n 1 Y.117i il17llil ?K K!il'ill , 'JW ?n11 DliKil ll'l?il ?K (5 71'!i) 

N60E 111•3', n 1 1!ln ,., w• n1,nn n1,p11 1,nr.i n,,r.i x1n •??3n 1111 1 3 

K1 il , 1 JW ',TIJ 71JMJ. ,,n1 1 i117m'.l 1?•x1 'Y.J 0-150 1•:::i ilJJJ 7J.Wn nj)"l7l 

. l) 11 j? 1 1 "'D'J n.1J 1 All 

~x10 ~7!lnn 7W1JJn ,1wn 'Jw ,n1 1 1 n,1nn nspn x1n 'JK7W' •n1nnJ. •1snn ~~pn 

1 J 1 0 }~71.lJ. 'J'U }j71J -J.AJil 'JW n,•1.1n ~j7llY.)'J 7 1 •nwn1 1 J 1 0 J.TI17 'Jj'J 

flllllJnn . Y.l"i' 0. 3-0. 5 'JW 71ll'WJ. n•JY.1 1 n•p!llH illllJn n, 7J.W 'Jll ilJTIJ.li1 

nnnn1 

. ilJW 11•"J 1 Y.1 2-1 ~01!) - illllJnn 'J 1 .1 . lj71H? n 11 'JJ 1 ?j? 1 15JH D1 JJ.l) n11sp "JW 

.a•JJ.nn n1,s11•n "JW n•,1~o•nn 

:i17 1 J.W "JW n191pn Wl?W 71lHJ. lJTIJ.lil n 1 Al"JlH'Ail n•,,~o•nn 1wn1 

.7nn1 n1r.ixnnn •tt"J nn,.1 7WK ,nJ.7ll"J n"J 1 J.pnn n•J1Jo-71n <?> n1•1w. K 

.an, ~71.)l'JAlli' nllj?Wil -n,s il7'J.W .J. 

. DTI7i1 7!>W 1J.7A1 n1J 1 "Jj?J 1 Ui1 n,•s• '7!) n 1 J. 1 ll7 1 ff illK!). A 

.n11 1 "Jj?J 1 Uil n,•s•1 D177 119S 111•jJ, il7'J.W .7 
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an, 'JnJ::i ,1•on n1Jnn 

. 'JnJn ni,"Y.l1 JY.lli''Y.l'J DNnn~ n1,110Y.l n1Jnnn 

. (6 71 1 s> . an,n J9W J::J.7A::J. nn, 1nY.l1i,;i.J1i' .1 

'J.1"::J. l!J7Y.ll.,ll1i' nJlY.J on, a,nJ 79WJ.W •J11.1, 1 pn 7'Ai\l lll!J7 1 i'i\ n1::i:iw ?"Y.l 

n1?"Y.l 30 -:J •11.1J l.17Y.l1 1JAJ1pn. 'Y.l 70 -:i ?w 

11:i•?n .1n1• 0 1 :llY.JJ 7nn •11?nY.l 17'JAJW o•p1?n DA 0 11 l!s'Y.l lX ,D 11 Jj}lN 1 N 

l'J.? nl l.17Y.Jl?lJ1? l'J. n•S.,71i' llJJ.p GARFUNKEL ET AL. 1974 ,,,,. 

~1wnY.Jn 'Jl9!s'n J.AJn 1Y.J1 n::i,un lY.l n1:i1Y.ln n::isn n71sn ?w o•o::in t17Y.ll?AJ1p 

'Y.l 500 -:i ?W ::in11::i ]::J.ll i,w 1l:17Y.l1 1 l!s'Y.l 

. n1!s'n n11~n tAJ:l 1::1 npnu1n 0•1••0 

n 1 ~11;i, n,,~n ?1n 0•1••0 n,1~nJ. n1~;i, p?n v•nuY.l 1::i,;i,n ?w •n1,1n 1::iwn 

n-i 1 ~n •'JY.17 l J 'J19~:m 7J.Wi1 

. < 'Y.l 90 ?w npnun> 

11 )1!1Wn "T'" . 2 

(7 71 'S) , 1452/9028 

1n11 n'917l n11!s'n ?w 11nnnn p?n::i n•on• n1p1 n1::i:iw::i n1xsn1n n1 1 0,n 

,n•o,nn fllJ.JW .Di\J. 11:i,nn1 o•p110 D'llJN ?N 0 11 lll!Jj'l!J D'!s'Y.lNY.lY.l i\N!s'1n:i 

fllli79i\i7 . ?lll j'TI7Y.l 'J9 ?u n1u11p1 nll!JY.lli'Y.l ,fl1'7'li\ n1::i:iwn DA lY.l:l 

n?N n1::i:iw::i D''l!s'Y.ln 0 1 1l!lpn o•pnunnn n::i,n .J.1:i•w •11w 1 Y.l 71n ?N n1Y.l.,UJ 

. (9-1 8 0•11•~ Dl i\Nl) .n11:iwn n1::i:iw? 0'7::J.lli Dl'N 

. (1450/9008. S. J) (11, 10 D'7l'S) . ,,on 71W. 3 
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n1 1 1tu ·n,,n li~:::i .J.n,J iJ10 1 , ,11H 1 1 ',H n11?nr.11 1 :JJH ,:iwn ill ,11H:i 

',w 0 11 JWl'J D 1 JJ.l'J n,1w1_n11?l'J Hlil .nl?lJll 40 ilJ ',W fl1 1 l!TJJ. ,,:ilJ', n11:JWi1 

1 Jw n 1 H,J .nn, ?nJn 1,lJD', n 1 !l~n1. 1:J,1H r,:::,r, l!TlJD:J n1J 1 ?pJ 1 01 n1J 1 ',p 1 l!TJH 

~:JlNJ. 1 ',J 1 ',j)J 1 0 ilJJ.lll ,',nJn n:::i,p:::i 1 ',J 1 ',p 1 ~JH i1J17l :D 11 JWll D1 l1Y.1 

. 1 ', :17lJl'Jl'JW 

.7::J.Wil n1,p1 n 1 ~JJ 1 !1H n 1 ~l 1 1!T 1 1J1?11 ',W n11n7J nlll~ln n1Y.1 11 p ill 7llHJ. 

.nn, nJ 1 ',jJJ 1 0 .4 

. (143/ij-98 .l'J.Y. J) on, nJ 1 ',pJ'O Hlil 71lH1 NYllJil ,n1 1 J. ?lili} ilJJ.Y.lil 

i1H.7ll ,7"l'Jn 7J.W', ill'JY 1 ll?)Yil ili~ .0 1 7 11 01 ,,,n,~ ,n 1 917J n,,~n 

. t',W illl?ll ~J7J',N K 1 il i1J 1 "Jj)J 1 0i1W 
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117y, 7nl ,~ n,A171H,An :6 7gon ,,,o 

10J79 Nl'i7Yl nJJ.7 OJ7N ,y,v9,7 ,J.N :nJ710J. 
a,,,uJ79 a,y,n71 nv,o,91N,A7 A1nn 

J.,JN-7n nu,01J,llN 

N 1 l n 

a,Nv1J nv17~J ,vnnn7 nJ11Jn1 117y, 7nJ 7v il'A171N,A7 ~,v,n ,,,on 
D'Ul'nn nJ'nl .l -11'7Y 19nj7 ,,An n1N7U01Nil n'JlV ny91n .N :D''1j7,y 

D"nnAn a,v,7n 7,Jnn u1n11AJ1i7 n1Jn .A·. i,7y, 1J.7A 7v D"J1ovon 
.11PNn 7v nV,J10i7UJ. 9nnvnn1 11D"J1UJ17N 11 

77.lJ 71y7 n11 j7 6 7v ilJ'7n 717on ay ,,n7 YA,,n ,,7A1 171J Nm ,,,on 
*(1 190n ,,,y) 117y, ,n7 019,u 

87n, Y1J.,i7n n,gyn - nlnn 

.n1N1uo1Nn n,J,~ 7y n,gyn ,117y, 7nJJ. i1J'7n - 2 nJnn 

.n,71v1 n,J,vn nj7 7 1J. ,a,,,,o n11YnJ. inn - 3 nJnn 
_,97i,u1uon n1nyn 7y 1,,1 

.117y,n ll1A - 4 illnn 

.a,,nnAn a,i717n 7,Jnn n,J,Ui7U y1n1n 01n17AJ1i7 :n111nvn n1yJ.An - s nJnn 

(i7N,J1i7) ,,n,y ,(11,1y 11110) n,911A :111y, 7nJ 111N7 n19vnl n111Yn v7v 
.(uJ,1UDl'l-11,1y j7M,llj7) a,,,,o, 

n,!lnA n1un 
n'llY .n,,,,~ ,?1Yl 111y, 7nl ,,JV 11T'Nl a,j7nynn j71Yl'l l?'Y nN nlll 

nv7nJ. 'l 7 Dl'l ,,An1 n1unn o,oJJ. n,,o,n, il!:li7 ,,A '7i!J ·pg17,nn nlJ71Jl .•n 130-J 
• i, ,'7yn 

,,n,y n1un 

11 i 7v a,917,nn OJ.J11n ,n,g11A n11Yn 7y nnNnnJ. nnJ1n ;'n 30-J n,J.1y 
.,, 1H1n DY·lillnY 'U07j71,l 
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a,1no n1n:n 

1-7 nv7nnn n11Ynn .11n,x n11Yn 7y ,l.l,n11nJ1?1n1 nnJ1n ;•n 200-J n,1,y 
.n11,n, 

.117 ,1,on 11D1,vn n1J11n . 1 n 23 n,11y - 11vN1n 11u1,vn n1,n' .1 
7v a,pg1N1 n,,01n ,1N1n ,110,,v n7,Jn .•n 26-J n'11y - n,1N1nn n1'n,n .2 

.ap7n1 a,111yn 1,A ,0,1511 
11u1,p ,11Y 7v a,g,7,nn 11yn n1J11n .•n 10-J n,11y - 1J1vnn 11Yn n1,n, .3 

.a,µ1 l.l,1,no1n ,µnN1 av7n1 a,111Yn 1,A ,0,1711 ,u,J5y11n1 
nNT n1,n, .,1,on 117 11u1,vn n1J11n - 1n 45-J n,11y - ,Jvn 11u1,vn n1,n, .4 
(Pycnodonta resicularis Lamarck ) 1,N111.l01Ni1 nyn1n1 n3,,9Nnn 

1 lA1bin) 11Y 7v n1,1,on n11Jvn n,131 .•n 35-J n,1,y - ,1µ,yn 11Yn n1,n, .5 
1non1 .a,1111 a,7A1 un1vn 11Yn .1171 11nN ,,1v a,J11A1 ,1,,yp1111,,og1 

a,1,N11001N 7v a,n,100,,11 a,n1n,,1 n1,n,n 7v 11,7yn nv7n1 a,y,g1n n1n1vn 
. (17n7 ll'Y i1N1) 

11Y oyn ay ,,n11,n1 1101,v n?,Jn .•n 10-J n,11y - ,v,7~n-1101,vn n1,n, .6 
.017u1 no1Jn nNT nl'n' n1n1vnn 1111 .uno1n1 

n1nJ nyn1n1 nJ,nNnn .•n 30 7yn il'llY -11Y1 i,9019 u,J7Y11n ,g,7,n n1,n, .7 
(Turritella seetzeni Lartet; Baculites sp.1 ) .a,011711 7v n711A 

7po) nn1Jn DJ1 1,1 n1on n,71n a,7vn 117y, 7nJ1 a,1,,o n11yn 7v 1nnn 
.2 11'Y i1N1 - (1972 .,,n,ny1 llU1J.) i111N-1Nl 11TN 1,17 (1967 

a,1,,o n11Yn1 a,n,n1,1n n,nnnnn 

711An .a,PN1U01N 7v D'D1i1l'l a_,gvnJ 177y, 7nl µ,gN 111N7 mnwn 'lVl 
1 n 20-J Nln a,vn1 ~1vnnn 'llY .(7N7V, nv, - 1605/9452 .Y.J) 111y, 7ill NYDJ 

.{3 ,non 71'Y) 1 n aoo-J 1J11N1 

11011 ,1, 7y n1n1n1 n1N1n ,31Jon 1nn1 a,1,N1uo1N 7v a,n,n,,1 nyn1n 
n1N1n1 n11n, 111n1 nyn1nn n1J1n TJ _,3,011 lAJl D'JlV n1n1vn1 (1982) y,3,,uv1 
11y1 a,n11 a,n,n,,1 n1Nxnn l''YD (1967) ~1N1 .nnx 11T'Nl (1964) 10J79 ,1, 7y 

. Jl7'i1 

11yn n1'n' 7v 11,?yn 1v7n1 N1n 11~y, 7nJ1 a1n,,1n 7v ,g1A'U1uon ,n,v,n 
7v n,n7A,u1uon an1nyv nN1J nNT ay .,v,7vn 110,,vn n1'n' 0,0111 ,,µ,yn 

n,n,A,u1i,o ,n,, 11nJ av1nn a1n,,1n 1nn 11T'Nl .1nN7 1nNn nJnvn a,n,n,,1n 
n11n, 111n1.(,,p,yn 1n:7 7yn)· ,m, nnA Nm ,v,nn 11PNJ. ; c,,N,nn i,191) 

. 111y, 7nJ1v nr7 nn11 a,n,n,,1n a,v,n ,nnx11 

n1ny1 n11 0 20-40 ,11y1 a,1,N1uo1N '?91N lNYDJ 177y, 7nJ1 n1n1vn 1non1 
a,11x7 a,n?yJ1 ,nv1y ,g1N ,7y1 aJn n7N a,vn1N .n,,J1vn 7v 117 nn11 n'n1A,u1uo 

.'1?'Yi1 11Yi1 nllJV 1,1 7N 

nlln ,7n,nP1n 11nnJn 0,01 - 111,ngJ TI'J1v 11 N,n 117y, 1n1 nnnnnnn n,J,vn 
.111YD i,?779019 7V ?l ?91N 7y 

- D'lJlVD an71vn1 ( Reef core ) - 'l'On - py7An n1J11n n,JHm 
.1nvJ Lopha sp. 7v n, n'rn n,.g ,?pn , l l l n, J l vn py7 A • ( Reef talus ) 

a,u,1,,,,1 a,uJDA79 ,1, 7y n11J17n n,n,7vn .711,A 1xn1 nlNYnJ1 n,g,gx1 n1T11N 
.,1n,ovnn n,11y7 n,J1vn ilY'AD nT yup1 .,,go D'Y7vt 
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i1'7n>. nll'.!JO J.J11n, (n1'7yn 20 1Y TIPl.)J) J.'7H J.1J'l:IJ. l"!INnn 01'71.) 9'lil 
"liPYil 11'f.1 n1J.Jtl 71n'7 1JPnn, 7'11i1 TI 7]1tlil '7ti ill i7'711 .D 71 7N71)01N nEl7'7i7 .,,~i, '7v 

• lTIN YJ.YNnn, 

a>. lOJ ,ill'J.]il 7'77n .nJ.nlJ ill 7J.] n,'7,ynJ. l 70J.il7 1TI 7] n1Nll.)01Nil n1n 7Jj7J. 
j7Tn n'l) 7]>.71N llJlTIJ. 1 7VY 7'711il]N t)'l!JOJ. 0 7N7nn TI191Yil 71J.V l"J.V D7nlllil 

.ill"J.]il 7'77nJ. □ 7 ny'7 '71>. 7J•1"'Til]N Y,lj7 . ( H2S '7v 

D77 J11.)j71.) 0'VJ 7il 

:□ 7 ]1:1'7 lj7'7n'7 1TI 7] TI 7]11.)j71.)19710 il] 7nJ.n lVNJ ilJlYil Yi7J 7'71!:IJ. NYDJ 71T 7Nil 
□ 7 '7nJ nJ1yn "1" 7y 1n1J.n1 n1nNnil-"N1 □ "i7TIYi1 '7,'7nnJ. l""nNnnil "n1T1Jil i7'7nil 

( 71J171il J.>.Jil nn,n j7'7n) ilTilVV ilOJ. 1]il 7JlYIJil j7'7nil 1'7 7Nl ,J.1yn-n1Tn il]l1JV 
.J.,YIJ-119Y7 DJ11Jl:I □ 7 1nN □ 7 '7nJ '1' '7y n1n1J.Oil 

Nt)J.nn Dj7'7nti D77 ]11.)j71.) □ 't)]IJN']''7 ']ll'J ilV1'7ti D'IJ' 7j7 11Jy, 1il 11T 7NJ. 
;11T'NJ. ygJ.il Ji, D77 J.1y1Ji1·1 7'77i, 71 7 '7y AY1'1J ,N 30°-40°E V7'1!:li1 111Jil ;il1 7J.VJ. 
1Yl 71J ,N30 W '7i, lllJil .11'7y 7il 1J.N11 71' 7y D71Yl 7D Dl11-119Y 111JJ. D70JDN 7J 7'7 

.D 7]1.)j7 □ 'lJ.El '1' '1y1 ill!Jl!JY j7110 n1J1yn '1' '7y 1i7'YJ. 

n111n1:1n myJ.>.i11 11'7y, p1>. 

ilT "J11.)j71.) OJn'7N .IJ 11 j7 5-J 1J11N1 0111-ll!JY lJ'il i,]y, 1J.1>. '7ti 7'77Jil lJll'J 
•n 20-JJ. 1 7111Jil 111J. lJ.El lTIJ.llJ ,11'1y 7 lil 11TNJ. ,']19Yil i7'7TIJ. .D 7j77n 3-'7 j7'7nnn 
).). TIN 1 7nyn ilT i7TIYil .n 7'7NIJl:I TI']10J'7N ilDOi1'7 n1 711Y lJ.Vil 711N'7 ; 7n1TOi1 1Yil nN 

.10 70J. 71n fllNlVOlNil 9'1 

n1'11Y 7TI7Tnil 11'i7J. n,nn'71 ,1:1n11 •n 100-J ,7Y p11 lJ'il 7TJ1n,1 i7'7Tiil 
Tilj7Tn TI1 71J1j71J n1 70]J. NOJ.TIIJil 7]EJIJ ']11.)j7\.) llJ.'0 D''i7 lJ.7>.~ 11nJ. .n 7'7Nnti ilVOi1'7 

AA) •n 50-J'7 j7Tnnn TI'!Jl). 71.)lt)Oil ilj7 77Tn 11Y'El .D'lY □ 7 n7n '7i, n1no1J Tilj7TiyilJ.1 
.(□ "l""O n11Yn '7i, - n,n,01n n'1N1nil - il'Jl:lil i11'TI"il '7,n ,,n,y n11Yn 

'71>. TI'!Jl).'1.)71.)0il ili7TIYilil 11Y'l:I .n,rn 79~) j7V191J Nlil lJ.7>.il 7v 'IJ171il 1j77n 
.1ln"Yil >.>. '71n (D"1"tl n1nn '7v n'\:!Pllnil n-r'n"n) ,nil nN J.'Yll Nlill ( 1 n 100 '7yn) 

n1N:'!IJJil nn,ni, myJ.>. nYlJ.i7 ilY"!lln , 1J.7Ai1 7ti 70111'7 7TJ1nn i7'7nil l'l 
n11Yn 7i, n1JltlNlil TI11'n'il ,ni,n J.J711J i1'7N n1yJ.>. 7i, 10"0]. .l'!ITIJ '7y1 lJ.1>.il 71nJ. 

D'J.'JllJn "l]J. 01n17>.Jlj7il .a,1nN 0 7700 l'J.lYEI 01n1'7>.J1j71J '1]J. 1>.>.l 0'7''0 
771YIJ 1.) 7119019 ,11Dlj7 ,D'01J.71J. ,n1N7001Nil 9 77 77J.'V ,'01j71J 11Y) D77 J1VJ1V1N 

,1'9719 - Y,1i7 ,t)'Y111j7) D"'Jlt)Jl'7N D"J.'J71Jll1 (n''!Jll).1 ,,n,y nnnnn D'l').1 
0 77 ]1\.)J1'7Ni1 D7l'Jl1Jil '7i, any1nn 1i7'Yl illll"T .( 7V7'7llJ1] l'>.1 NlJ.' llY ,0']7). 

TI11Jlj71JJ. .ilJl\.) 1y TI 7]l]'l n1 7'71>.Y ,Yll). ll'IJ 77YJ. 0 7j71'7nil .il1 7TI'il 0 70].J. l]il 
.OJ'lt)IJ 71nn n1n1pnJ.1 ,,.,,. 71nn Nlil l.)71J1'7>.Jli7il 

n11Yn TI11'TI7 11JJ 11Y 7El lTilNJ. n1>.11n "PTIYill n1j7ny1n v1n1'7>.J1j7il rilYJ.A 
u,n,'7>.Jlj7il .71TNJ. TI 7]1\.)j7\.)i1 n,'7,yn'7 illJ1j7 01n1'11Jlj7il '7i, 1TI7 7Y7 7J'9'71 0 71 77 0 

.□ 7 1 77 0 nllYn '7ti i1 7lVil i11'n'il '7i, □ 11j7 'J.1Tl7N 7ltl 71J '7y illlNnil 7NJ. nJllJ 
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